abstract: Power scaling relationships between body mass and organismal traits are fundamental to biology. Compilations of mammalian masses and basal metabolic rates date back over a century and are used both to support and to assail the universal quarterpower scaling invoked by the metabolic theory of ecology. However, the slope of this interspecific allometry is typically estimated without accounting for intraspecific variation in body mass or phylogenetic constraints on metabolism. We returned to the original literature and culled nearly all unique measurements of body mass and basal metabolism for 695 mammal species and (1) phylogenetically corrected the data using the fullest available phylogeny, (2) applied several different regression analyses, (3) resampled regressions by drawing randomly selected species from each of the polytomies in the phylogenetic hypothesis at each iteration, and (4) ran these same analyses independently on separate clades. Overall, 95% confidence intervals of slope estimates frequently did not include 0.75, and clade-specific slopes varied from 0.5 to 0.85, depending on the clade and regression model. Our approach reveals that the choice of analytical model has a systematic influence on the estimated allometry, but irrespective of the model applied, we find little support for a universal metabolic rate-body mass scaling relationship.
Introduction
Allometric relationships between body mass and a great variety of organismal traits take the form of power functions. Rubner's (1883 Rubner's ( , 1894 empirical work more than a century ago effectively launched the field of allometry, with the discoveries that metabolic rates scale nonisometrically with body mass in dogs and that indirect calorimetry is well correlated with direct calorimetry. Since that time, empirical scaling relationships between mass, metabolism, and numerous other traits have been demonstrated (Peters 1983; Calder 1984; Schmidt-Nielsen 1984) , but a tenable mechanistic explanation for these patterns continues to elude us.
The study of allometry has been reinvigorated by the lively debate surrounding the metabolic theory of ecology (MTE; West et al. 1997; Brown et al. 2004; Clarke 2004; Cyr and Walker 2004; Kozlowski and Konarzewski 2004) . Briefly, the MTE posits that minimization of transport costs of metabolites in the quasi-fractal distribution networks that supply metabolically active tissues requires a scaling exponent of for metabolism, which, in turn, 3/4 requires the scaling of various other traits to be multiples of (West et al. 1997 (West et al. , 1999 Brown et al. 2004) . The 1/4 MTE's putative mechanism has been rebutted on theoretical (Dodds et al. 2001; Chaui-Berlinck 2006; Painter et al. 2006; Apol et al. 2008 ) and functional (reviewed in O'Connor et al. 2007b ) grounds, and the existence of a single explanatory mechanism for allometry is generally considered implausible (Dodds et al. 2001; Cyr and Walker 2004; O'Connor et al. 2007b) . The generality of the MTE has also been pared down by findings that allometric exponents across the major kingdoms of life broadly diverge from universal quarter-power (or even third-power) scaling (Bokma 2004; Makarieva et al. 2005 Makarieva et al. , 2008 Reich et al. 2006; Downs et al. 2008) . As a result, the empirical foundation on which the MTE now rests is restricted to the allometry for which its proposed mechanism was primarily designed in the first place: the relationship between body mass and basal metabolism in vertebrates.
Publication of large-scale meta-analyses of metabolic allometry data has risen sharply in recent years (reviewed in White et al. 2007 ), just as publication of new measurements on mammal species has fallen to pre-1960 levels and sobering declines in mammal species have come to light (Schipper et al. 2008) . The mammalian metabolic allometry data, in particular, have been the subject of extensive reanalysis (reviewed in Dodds et al. 2001; White and Seymour 2003; Savage et al. 2004) . Issues that remain largely unresolved in these analyses include how well the metabolic data satisfy the strict definition of basal metabolism, which regression model is appropriate, and whether the data should be corrected for phylogenetic relatedness (Glazier 2005) .
Numerous studies have excluded measurements on all animals with ruminant digestive systems on the grounds that they fail to satisfy the definition of basal metabolic rate (BMR; White and Seymour 2003 , 2005 White et al. 2006) . It has also been argued, however, that most resting metabolic rate measurements should be included, provided that the animal regulates its body temperature (McNab 1997) . With regard to statistical methodology, allometry data are usually analyzed with ordinary least squares (OLS) regression, despite clear violations of the statistical assumptions of that technique and the fact that several other, more appropriate techniques are available. Use of OLS regression is usually justified by an assertion that variation in the quantity treated as a dependent variable (e.g., BMR) is much greater than that in the quantity treated as an independent variable (e.g., body mass) and/ or that the regression r 2 is high enough (10.9) that use of an alternative regression model that properly accounts for variation in both quantities is unwarranted (Enquist et al. 2003; Savage et al. 2004; Makarieva et al. 2005 Makarieva et al. , 2008 Moses et al. 2008) . However, rarely is either assertion supported with compelling evidence. Moreover, McNab (1988) has pointed out that r 2 is a biased estimate of the overall fit of the regression because it is positively correlated with the range in BMR and body mass. Finally, with regard to statistical problems created by phylogenetic relatedness, many studies have found that phylogenetic correction does not significantly change the value of the estimated slope (reviewed in Glazier 2005) . However, Duncan et al. (2007) and Clarke and Rothery (2008) have recently found a significant phylogenetic signal in mammalian allometric data with significant differences in scaling at the ordinal level.
The purpose of this article is to address these three unresolved issues by assembling an updated mammalian metabolic allometry data set that includes original measures of variation. Using information in this new data set, we address how well the data satisfy the strict definition of BMR, the appropriateness and utility of several different regression models, and the need for phylogenetic correction. We hope to encourage more careful consideration of analytical techniques applied to allometry data and to highlight the need for new measurements of metabolic rates for additional mammalian species.
Material and Methods

Data Set
The relationship between body mass (m) and wholeorganism metabolic rate (MR) is generally assumed to take the form of a power function,
(reviewed in LaBarbera 1989), in which scaling is determined jointly by the coefficient a and mass exponent b.
For statistical analysis and visual comparison with data, it is traditional to log transform the nonlinear equation (1) to the linear equation,
Here, log(MR) is a linear function of log(m), and the two parameters are the slope b and the intercept log(a). Two important factors are often overlooked in studies of physiological allometry when fitting equation (2) to data. First, the purpose of the analysis is to estimate parameters for the theoretical relationship between the true values of log(m) and log(MR), not to predict the true value of log(MR), given an observed value of log(m). Second, parameter estimation is being performed on the basis of observed values of log(m) and log(MR), both of which are random variables subject to both measurement error and intrinsic variation. These factors are important because ignoring either can lead to biased estimates of the slope. Specifically, ignoring the error in log(m) causes systematic underestimation of the slope (LaBarbera 1989; except when the purpose of the analysis is to predict the true value of log(MR), given an observed value of log(m); Draper and Smith 1998). Special cases defined by the ratio of error variances of log(MR) and log(m) are also known where this bias will be negligible (e.g., Draper and Smith 1998) . Thus, the validity of regression techniques commonly applied to metabolic allometry data rests on implicit assumptions about relative error variances. Yet previous compilations of data do not include information required for calculating these variances (Lovegrove 2000 (Lovegrove , 2003 White and Seymour 2003; Savage et al. 2004) . One of our objectives in building the new data set was to include this information.
We obtained original articles cited in the compilations of Lovegrove (2000 Lovegrove ( , 2003 , White and Seymour (2003) , Savage et al. (2004) , and Muñoz-Garcia and Williams (2005)-which are themselves to varying degrees based on other compilations (Hart 1971; Hayssen and Lacy 1985; Elgar and Harvey 1987; Geiser 1988; McNab 1988; Heusner 1991) We standardized the measures of variation to standard deviations and converted all units for mass to grams and, for metabolic rates, to milliliters of oxygen consumption per hour. For conversions requiring a respiratory quotient, that value was taken directly from the article if available or assumed to be 0.8 otherwise. In a few articles, ranges had to be transformed into standard deviations by applying a correction based on a Monte Carlo simulated relationship between sample size, range, and standard deviation. We discarded reports of standard deviations if they were based on multiple measurements of only one individual. For species for which we had multiple articles or multiple sets of measurements (e.g., in different years), we calculated an overall mean body mass and BMR weighted by sample size.
The extracted data satisfied the strict definition of basal metabolism to varying degrees. The most common violations were with respect to absorptive state and consciousness. These types of violations were often hard to identify with certainty, and questionable data were therefore left in the data set, with comments about suspected problems. Likewise, animals that had been captive bred, had been long-term acclimated to laboratory conditions, or had had recent minor surgery performed (e.g., insertion of a probe) were also left in the data set. However, animals in torpor, juveniles, reproductive females, obviously active animals (e.g., exercising), or nonnormothermic animals were discarded from the extracted data set. The species, genus, family, and order identifications were corrected to reflect their listing in the third edition of Mammal Species of the World (Wilson and Reeder 2005) . Finally, body temperature data from White and Seymour (2003) , supplemented with body temperature data extracted from the original literature, were also included in the data set. Our complete data set on 695 species with references and comments are available in Dryad (http://hdl.handle.net/10255/ dryad.713).
We log 10 transformed our data before regression analysis in all cases, except where body temperature was included as a predictor variable. In that case, a log e transformation was applied to mass, resting metabolic rate (MR), and body temperature (which was also inverse transformed) because of the Boltzmann factor in the Arrhenius equation relating body temperature to MR (Gillooly et al. 2001; Downs et al. 2008) . These transformations yielded a linear allometric relationship of the form
10 10
with slope b and intercept a estimated using generalized linear models.
Mammal Phylogeny
Quantitative assessment of relationships between traits in comparative studies is often confounded by phylogenetic influences on those traits. Phylogenetic autocorrelation violates statistical assumptions of independence, artificially inflates degrees of freedom, and can lead to erroneous findings of functional relationships as a result of constraints on trait values due to evolutionary history (Felsenstein 1985; Harvey and Pagel 1991; O'Connor et al. 2007a ). The fullest available mammalian phylogeny (Bininda-Emonds et al. 2007 ) bases its taxonomy on Mammal Species of the World (second edition). For the phylogenetic correction, we matched 628 of the species in our data set directly (there were a few misspellings), identified 57 synonyms, and had to leave out two species, Grant's golden mole (Eremitalpa granti) and Abert's squirrel (Sciurus aberti), because a synonym could not be identified. There were also seven terminal taxa in Bininda-Emonds et al. (2007) , each of which is now recognized as two or more separate species for which there are measurements in the data set. If the original species was retained in the new edition, measurements for just that species were included, and the "daughter" species was discarded. In one case, the Hamadryas baboon (Papio hamadryas), the original species was not retained, and we instead used the daughter species with the best available data, the Chacma baboon (Papio ursinus), based on the sample size for the measurements. This resulted in a grand total of 685 included species.
Statistical Analysis
Regression analysis of the allometric relationship requires assumptions about the trait variation (measurement error and random variation) in m and MR. OLS regression assumes that log(m) is an independent variable whose values are known without error (Sokal and Rohlf 1995) . Reduced major axis (RMA) regression assumes that the ratio of error variance and intrinsic variation in log(m) and log(MR) equals a constant (LaBarbera 1989) and minimizes the distance of each point perpendicular to the fitted regression line. An orthogonal regression technique, least squares variance-oriented residuals (LSVOR), weights the importance of variance in m and MR by their relative magnitudes and does not require residuals to be normal to the regression line (O'Connor et al. 2007a) . In order to compare the effects of the type of regression analysis on estimates of the slope, we performed OLS, RMA, and LSVOR on each subset of our data. LSVOR requires the specification of an overall variance ratio O'Connor et al. 2007a ), which we determined for each species (p) using the ratio of the squared coefficients of variation for resting metabolic rates (y) and body masses (x):
This largely removed the confounding effects of correlation with mass in both variables, although v cv was still weakly but significantly correlated with mass ( fig. 1, top; , , ). The relative fre-
quency distribution of v cv was centered at about 1.0, with 95% confidence intervals extending from approximately 0.3 to 3.0 ( fig. 1, bottom) . We therefore applied LSVOR with these three variance ratios (i.e., 0.3, 1.0, and 3.0) in addition to conventional OLS and RMA regressions. We bootstrapped our regressions on native data 2,000 times and present mean parameter estimates for scaling relationships with 95% confidence intervals. We used Felsenstein's method of creating phylogenetically independent contrasts (PICs) with hypothetical reconstructed ancestors, untransformed branch lengths, and a Brownian motion process of evolution (Felsenstein 1985) . Because the mammal phylogeny is less than 50% resolved at the species level (Bininda-Emonds et al. 2007 ), we took a resampling approach to deal with polytomies. We constructed PICs using a randomly selected representative from each of the polytomies (see fig. 2 ). We resampled the tree selections 50,000 times, and at each iteration (1) we selected a full complement of representatives from each of the polytomies as well as from all of the species from fully resolved taxa, (2) we constructed PICs based on that tree, (3) we performed regression analyses on those PICs, and (4) we bootstrapped the regressions 2,000 times. The results of a previous attempt to resolve the large polytomy within the rodents by inserting a more fully resolved phylogeny from Steppan et al. (2004) into the Bininda-Emonds et al. (2007) supertree and proceeding with PIC construction did not significantly differ from the results obtained by random selection of taxa within polytomies (data not shown).
We also used the method of phylogenetic generalized least squares (PGLS) regression to estimate the parameters of the allometric scaling relationship (Grafen 1989) . The variance-covariance matrix was determined by the length of the shared portion of the phylogenetic tree between two species (i.e., covariance for pairs of species) and the length of the total path through the phylogenetic tree from root to tip for each species (i.e., specific variance; Grafen 1989). This method ends up being equivalent to constructing PICs from the full phylogeny (Rohlf 2001) . The covariance matrix was computed using standard equations (Garland and Ives 2000) , assuming Brownian motion evolution and scaling branch lengths within the variance-covariance matrix by the standard deviation, or the square root of the sum of the branch lengths for each paired species (Garland et al. 1999; Garland and Ives 2000) . We used PGLS to fit scaling exponents and intercepts to our allometric relationships.
Finally, we applied these same analyses to allometry data separated by clade. Clades were chosen as separated regions (i.e., subtrees) of the full mammalian tree that altogether spanned a majority of the full tree (190%), were regions with a single common ancestor, and that did not exclude any measured taxonomic groups descending from that common ancestor. Only the most populated clades (in terms of species measured) were analyzed: rodents, chiropterans, primates, marsupials, soricids, and carnivores/ungulates/pangolins (Fereuungulata; Waddell et al. 1999; Springer et al. 2005) . We first tested for homogeneity of clade-specific intercepts and slopes using an ANCOVA. We then resampled OLS, RMA, and LSVOR regressions performed on native data and PICs in each of the separate clades, and we compared the cumulative frequency distributions of the slope estimates using the KolmogorovSmirnov test. We also performed PGLS on the cladespecific data.
Computations
All of our analyses were performed in Matlab 7.0 (release 14; MathWorks, Natick, MA). Matlab routines are available from the authors on request. Bootstrapped parameters are presented as means with 95% confidence intervals (CIs), and generalized linear model results are means ‫1ע‬ SEM.
Results
Full Native Data Set
The data set contains mean body masses and BMRs for 695 species, body temperatures for 535 species, and complete information on variation in mass and MR measurements for 529 species. Using OLS without phylogenetic correction, there was a highly significant relationship between mass (m), body temperature (T b ), and MR: fig. 4 ).
Separated Clade-Specific Data Sets
The distribution of clade-specific slope estimates from regressions on PICs (and native data; not shown) shifted on the basis of the particular regression analysis applied (see fig. 5 to that of the different regression analyses applied to the full native and contrast data sets. The cumulative frequency distributions of the slope estimates were also significantly different between regression analyses in each of the separated clades ( , ). In contrast to D ≥ 0.190 P ! .001 the ANCOVA and clade-specific PGLS slope estimates, (1) fereuungulate and rodent slope estimates were much more variable than other clades, and (2) the pattern of slope estimates changed, with chiropteran, primate, and marsupial slopes tightly centered at about 0.75 and rodents exhibiting steeper slope estimates than soricids. A randomization test of the placement of trait pairs (mass and metabolic rate) on different terminal branches of the cladespecific subtrees before PIC construction and subsequent regression analysis demonstrates a phylogenetic signal: the jagged distribution of estimated slopes in the original analyses, especially in the rodents ( fig. A1 in the online edition of the American Naturalist) and fereuungulates ( fig. A2 in the online edition of the American Naturalist), are smoothed out over a broader range after randomization.
Discussion
The analyses we have presented are based on the largest available mammalian metabolic allometry data set and the best available phylogeny (Bininda-Emonds et al. 2007) . Our data set is also unique in that it includes measures of intraspecific variation that are necessary for checking the assumptions of alternative regression models. We found that estimates for the slope of the allometric relationship between log(m) and log(MR) diverge from predictions of the MTE (West et al. 1997; Brown et al. 2004 ). Both the choice of regression technique and the phylogenetic correction affect estimates of allometric slopes and intercepts. We argue that there probably is not a canonical approach to analyzing allometric data and that our results stand in contrast to the existence of universal scaling of metabolic allometry in mammals. Note: Regressions are ordinary least squares (OLS), reduced major axis (RMA), and least squares variance-oriented residuals (LSVOR) with three different variance ratios (v cv ). Parameter estimates are means, with 95% confidence intervals in parentheses. Phylogenetic generalized least squares (PGLS) are performed on native data corrected for phylogeny, with a variance-covariance matrix of branch lengths for species pairs scaled by the square root of the sum of the branch lengths. PGLS parameter estimates are shown with the calculated standard error in parentheses; slope estimate confidence intervals for PICs are mean upper and lower bounds for the bootstrapped estimates. 
Meeting the Criteria for BMR
Because our results make clear that decisions made on analyses to be applied to data should be based on the data themselves, we start with a discussion of the many instances where our data are less than optimal. There is widespread pseudoreplication of metabolic rate measurements that may be more problematic in large and/or rare animals. Failures to reach postabsorption, activity, and measurements while sleeping are also common problems. We excluded measurements on reproductive females and animals that were clearly active throughout the metabolic measurements (i.e., field and maximal metabolic rates). We also excluded measurements on most domesticated species from our new data set because of potential changes in body composition and size that occur as a result of artificial selection (McNab 1988) , although a few such species (e.g., aurochs Bos taurus) have been retained because they were included in recent compilations (Heusner 1991; Savage et al. 2004) . We included, with comments, animals that we suspected were not postabsorptive; were not sleeping; later entered torpor, hibernation, or died; had mass values not definitively given for just the individuals with measured metabolic rates; and were reported in non-English articles. There are numerous physiological issues that may affect the clade-specific data. For instance, it is commonly noted that basal metabolic measurements in the smallest shrews may be unattainable because they are physiologically incapable of reaching postabsorption without adverse effects, they increase activity levels in response to periods of fasting, or their body size dictates metabolic rates that do not conform to typical BMR scaling (Speakman et al. 1993 ). However, care has been taken in the inclusion of measurements, and clearly active measurements on shrews were excluded (e.g., the Asian house shrew Suncus murinus; Oron et al. 1981) . Examination of the native data in the smallest shrews (and rodents and bats) also demonstrates that their allometries are not obviously different from those of their larger-bodied clade conspecifics (separate scatterplots of data not shown).
Approaches to dealing with these issues have previously consisted of the exclusion of measurements on animals with ruminant digestive systems and Q 10 adjustment of metabolic rates to correct for differences in body temperature and measurements performed in the sleep part of the circadian cycle (White and Seymour 2003 , 2005 White et al. 2006) . However, the effect of circadian rhythm on metabolic rate is small in mammals above 50 g (Clarke and Rothery 2008) , ruminant digestion is largely anaerobic, although it does provide some amount of thermogenesis (Blaxter 1967) , and most animals, including many shrews, can be brought to basal metabolism by careful researchers (McNab 1997) . Furthermore, there is no consistent pattern across phyla (e.g., marsupials, artiodactyls, and lagomorphs) in the influence on body temperature of heat from gut fermentation (Clarke and Rothery 2008) . Instead of selecting only the metabolic rate measurements deemed as those most closely matching BMR, with the greatest sample size, with the least amount of time in captivity, and so on, we have left the resulting variability 
Regression Analysis
Regression analyses adapted to different relative variances in each trait and/or different assumptions and minimization criteria yield consistently different slope and intercept estimates. OLS estimates were consistently shallower than RMA and LSVOR, estimates from LSVOR adjusted for three times greater intraspecific variation in metabolic rate than body mass were significantly steeper than OLS, estimates from LSVOR adjusted for equal intraspecific variation in both variables were slightly shallower than RMA, and estimates from LSVOR adjusted for three times less intraspecific variation in metabolic rate than in body mass were significantly steeper than all other regressions. Each of these types of intraspecific variance ratios applies to part of the data set, but the dependent variable does not invariably have variation that is much greater than, equal to, or less than the independent variable.
Overall slope estimates differed significantly between regression methodologies, estimated intercepts were negatively correlated with estimated slopes, and high r 2 values did not indicate immunity from these differences. LSVOR regression requires measurements of intraspecific variation (both biological and measurement) to select the angle along which residuals are measured (O'Connor et al. 2007a) , and without these inputs, the direction of the measurements of residuals has to be made independently of the data, just as in OLS and RMA regressions (Warton et al. 2006; O'Connor et al. 2007a) . Indeed, LSVOR generally outperforms both OLS and RMA: simulations bear out the superior performance of LSVOR under conditions in which RMA and OLS misestimate slopes and the equivalent performance of LSVOR under conditions in which RMA and OLS perform well (O'Connor et al. 2007a) . We therefore advocate the use of LSVOR for allometric analyses of physiological traits when the intraspecific variance is known, although there is perhaps no one correct regression analysis for these data.
Phylogenetic Signal
There is a significant phylogenetic signal in our mammalian metabolic allometry data set: steeper slope esti-mates were obtained in analyses of PICs as compared with analyses of native data, significantly different clade-specific slopes were obtained via ANCOVA, and randomization of the location of trait values on the clade-specific subtrees smoothed out histograms of slope estimates. Calculation of phylogenetic contrasts alleviates overestimation of the strength of the relationship between traits caused by phylogenetic correlations or constraints (Martins and Garland 1991; O'Connor et al. 2007a) . PGLS and ANCOVA (with phylogenetic least squares) are also important phylogenetic correction methods, especially in dealing with different types of evolutionary processes (Grafen 1989; Diaz-Uriarte and Garland 1996; Hansen and Martins 1996; Hansen 1997; Martins and Hansen 1997; Butler and King 2004) . However, these methods employ scaled branch lengths, assume that variation in the independent variable is negligible, and impose an OLS-style fitting procedure that specifies regressors and response variables (Rohlf 2001; O'Connor et al. 2007a ). Finally, Symonds and Elgar (2002) have also demonstrated sensitivity of mammalian metabolic allometry slope estimation to evolutionary trees based on molecular versus morphological data. While the supertree we used is an amalgamation of evolutionary data (Bininda-Emonds et al. 2007) , in simulations where the exact timings of evolutionary divergences (ancestral nodes) and character states were known and different rates of evolution were imposed, the unscaled Felsenstein (1985) method of phylogenetic independent contrast formation was found to correlate most closely with the true contrast values (O'Connor et al. 2007a) .
A significant phylogenetic signal has previously been observed in mammalian allometries at the ordinal level with similar observations of steeper slopes upon phylogenetic correction (Hayssen and Lacy 1985; Glazier 2005; Duncan et al. 2007; Clarke and Rothery 2008) . The shallower slopes of soricids have also been alluded to by Duncan et al. (2007) and Glazier (2005) , although these were within the outdated designation of Insectivora. The phylogenetic effects incorporated in the ANCOVA explained statistically significant variation in metabolic rate and indicated significant clade-specific differences in slopes. The jaggedness of our resampled slope estimates due to clades with outlying trait combinations (e.g., fereuungulates, possibly because of pangolins) also demonstrates the importance of the phylogenetic signal through the heterogeneity of slope estimates that results from different phylogenetic tree selections before contrast calculation. We acknowledge that there is still uncertainty in each of the phylogenetic hypotheses herein. However, our results indicate that the overall allometric slope should not be interpreted as a general description of metabolic allometry in mammals.
Physiological and Ecological Factors
Among mammals within the same clade or having the same body size, metabolic rates are highly variable because of a diverse array of factors such as body temperature, environmental temperature and precipitation, latitude, altitude, food availability, behavioral strategy, and diet (McNab 1995 (McNab , 1997 (McNab , 2003 Mueller and Diamond 2001; Lovegrove 2003; White and Seymour 2004; Careau et al. 2009 ). General differences between larger mammals (with steeper scaling) and smaller mammals (with shallower scaling) have also been described (reviewed in Glazier 2005) . Proponents of the MTE have argued that the preponderance of small-mammal measurements in metabolic allometry (with consistent deviations toward higher metabolic rates) artificially drives overall slope estimates to be shallower and that this is supportive of the MTE . We found that this is not consistently true within rodents that span the small to intermediate body sizes of the overall data set; in small chiropterans, rodents, and shrews; or in overall regression analyses of the full data set with slope estimates that are shallower, equivalent to, and steeper than 0.75.
The only physiological factor we incorporated was body temperature, which had values that were highly variable and weakly negatively correlated with body mass, despite the small overall range of body temperatures of animals within their thermoneutral zones during BMR measurements. Incorporation of the body temperature variable in regression analysis of our data set has a small but significant effect on the estimated allometric relationship. This statistically significant effect appears to be derived from the large sample size of measurements ( ) and is n p 535 unlikely to be biologically significant because it explains very little additional variation ( ) compared 2 R p 0.016 with that explained by the body mass variable ( 2 R p ). There are also significant differences in the scaling 0.939 of body temperatures with body masses in mammals at the ordinal and higher-order (e.g., Marsupialia, Ferae, and Ungulata) levels of taxonomy (Clarke and Rothery 2008) , which may relate to the clade-specific scaling differences we observed.
Our clade-specific slope estimates ranged from 0.5 to 0.85, which is a range broader than that observed previously at the ordinal level (Glazier 2005; Duncan et al. 2007) . Each of the clades also had well over a 200-fold span of body masses (lowest in chiropterans with ). These clade-specific (maximum m/minimum m) p 277 differences cannot be tied to any one behavioral, procedural, physiological, or ecological factor, even within a particular clade, although no doubt some factors apply to some of the data.
Metabolic Allometry Theory
We applaud the attention to allometry that has been rekindled by the MTE. Our research herein was prompted by this recent activity, especially with regard to universal quarter-power scaling (West and Brown 2005) . In that vein, the focus of our analyses has been slope estimation, but we have also demonstrated variable intercept estimates (i.e., normalization constants) primarily in relation to the estimated slope. Proponents of the MTE readily admit that their model does not predict normalization constants (Allen and Gillooly 2007) and maintain that variation in the observed slope of a particular allometric relationship is in keeping with predictions of the MTE (Moses et al. 2008) .
The issue at hand is the extremely limited predictive power of the MTE. It predicts neither the slope nor the intercept of mammalian metabolic allometry. We found that slope estimates are tied to the data set and the analytical model applied (with few instances of 95% confidence intervals on slope estimates including 0.75 in the overall scaling relationship) and that intercepts are tied to the slopes. Downs et al. (2008) also recently demonstrated that the MTE fails to prescribe metabolic responses to body temperature in a variety of organisms, including mammals. In moving forward, we hope these results encourage new measurements of mammalian basal metabolism and careful data-based decisions about the application of particular analytical models to allometry data.
